
1AP20 f&iV&im 11 APR 2006 

VISIBLE LIGHT RESPONSIVE COMPLEX OXIDE PHOTOCATALYST AND 
METHOD OF USING THE SAME TO DECOMPOSE AND ELIMINATE HARMFUL 
CHEMICAL SUBSTANCE 

TECHNICAL FIELD 

[0001] The present invention relates to a 
photocatalyst which comprises a complex oxide semiconductor 
having a specific composition including bismuth oxide, and 
which is excellent in photoresponse by efficiently 
absorbing ultraviolet light and visible light such as 
included in the sunlight. Particularly, the present 
invention relates to a high activity photocatalyst for 
decomposing a harmful substance, the photocatalyst being 
excellent in ability for decomposing a harmful chemical 
substance, and relates to an environment purifying method, 
a global environment improving method, and particularly a 
harmful substance eliminating method for decomposing 
various harmful chemical substances represented by dioxins 
to detoxify them. 

BACKGROUND ART 

[0002] Increasingly getting serious is a global 
environment problem which is a negative inheritance brought 
about by the rapid economic growth in the 20th century. 
Safe and comfortable daily lives of humankind are 
threatened with: environmental hormone substances such as 
dioxins of course; agricultural chemicals, malodorous 
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substances, and the like in water and in the atmosphere; 
and chemical substances which cause health hazards such as 
a sick house syndrome in living spaces. 

[0003] It is thus demanded to develop a technique for 
restricting generation of such harmful substances, and to 
promptly eliminate those harmful substances which have been 
already generated. 

[0004] In a photocatalyst , absorption of an energy 
equal to or larger than a bandgap excites electrons in a 
valence band to leave positive holes therein. The thus 
caused ' positive holes and electrons have strong oxidizing 
and reducing powers, respectively, and are therefore 
capable of oxidizing and reducing chemical substances . 
present in the surroundings, respectively. Recently, it 
has been widely investigated to utilize a photocatalyst in - 
decomposition of a harmful chemical substance as an applied 
research of photocatalyst, and photocatalysts are expected 
as effective environment purifying materials. There have 
been investigated and proposed applied examples including: 
decomposition of organic substances such as agricultural 
chemicals, malodorous substances in water and in the 
atmosphere; self-cleaning of a solid surface coated with a 
catalyst; and the like. However, most of them use titanium 
dioxide. Titanium dioxide has a bandgap of 3.2eV, thereby 
exhibiting an activity only under irradiation of 
ultraviolet light shorter than 400nm. As such, currently 
applied examples thereof are practiced only in the outdoor 
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or only in the presence of an ultraviolet lamp. ; 

[0005] The sunlight coming down to the surface of the 
earth has the maximum intensity of radiation near a 
wavelength of 500nm corresponding to visible light, such 
that an energy amount in a visible range covering 
wavelengths of 400 to 750nm is about 43% of the total 
energy of the sunlight. In turn, energy amounts in an 
ultraviolet range covering wavelengths not more than 4 00nm 
of the sunlight are even less than 5%. It is thus desired 
to develop a photocatalyst having a catalytic activity for 
light-beams in the visible range, so as to 1 effectively 
utilize a sunlight spectrum. 

[0006] Thus, if it is possible in the applied 
research to develop and use a photocatalyst capable of - 
utilizing visible light, it is expected that efficiencies 
are remarkably improved commensurately with the widened 
usable wavelength range. Although it has been 
conventionally difficult to utilize titanium dioxide 
indoors where ultraviolet light, is absent, it will be 
possible to expand the applicable market if visible light 
is made utilizable. Then, importance is given to a level 
of a conduction band. In this respect, positive holes in a 
valence band of an oxide semiconductor are extremely strong 
in oxidizing power, and are capable of oxidizing electron 
donors such as water and many organic substances. At that 
time, concurrently caused electrons in the conduction band 
are consumed by reducing oxygen in the air. Namely, the 



-3- 



conduction band level should be negative as compared with a 
reduction level of oxygen. 

, [0007] Under such circumstances, the present 
inventors have earnestly and repeatedly investigated in the 
research group thereof, and conducted development of a 
series of visible light responsive photocatalysts . Further, 
the present inventors have filed patent applications to the 
Japanese Patent Office (see patent-related references 1 
through 8: note that patent-related references 7 and 8 have 
not been laid open to public inspection yet, so that 
publication numbers /thereof have not been given yet) , 
concerning a part of results of the research- The visible 
light responsive photocatalysts according to these patent- 
related references are sensitive not only to ultraviolet 
light included in the sunlight but also to light-beams as 
visible light components thereof, so that the 
photocatalysts are each capable of utilizing not only an 
ultraviolet light portion but also a visible light portion 
of light energies with good utilization ratios, thereby 
largely improving catalytic functions with a significant 
contribution. However, it is natural to seek for a 1 
photocatalyst which can be easily designed and has a good 
efficiency. Particularly, there is sought for a 
photocatalyst which highly acts on harmful substances, with 
an excellent decomposing ability. 

[0008] Patent-related reference 1: JP-A-2003-033661 
[0009] Patent-related referenced: JP-A-2003-251197 
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[0010] Patent-related reference 3: JP-A-2004-066028 

[0011] Patent-related reference 4: JP-A- 2004-275 94 6 

[0012] Patent-related reference 5: JP-A-2004-275 947 

[0013] Patent-related reference 6: JP-A-2004-358 332 

[0014] Patent-related reference 7: Japanese Patent 

Application No. 2003-198814 

[0015] Patent-related reference 8: Japanese Patent 

Application No. 2004-006018 

DISCLOSURE OF THE INVENTION 

Problem to be solved by the Invention : 
[0016] The present inventors have earnestly and 
repeatedly investigated to provide a solution to the above 
demand. Namely, the present inventors have investigated to 
provide a novel catalyst and a method of using the catalyst 
to decompose harmful substances, in a manner that the 
catalyst: effectively absorbs not only ultraviolet light 
included in the sunlight but also visible light components 
thereof; exhibits an activity over a wide range from an 
ultraviolet range to a visible range; effectively 
decomposes harmful substances even when light-beams in a 
wider range are irradiated to the harmful substances; and 
detoxif yingly treats harmful substances . As a result, the 
present inventors have succeeded in developing a novel 
catalyst perfectly different in composition from a series 
of photocatalysts which have been proposed up to now. The 
present invention has been carried out based on such a 
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success . 



Means for solving the Problem : 

[0017] r Namely, the present inventors have earnestly 
investigated to solve the above problem and achieve the 
object by the means recited in the following (1) through 
(3): 

[0018] (1) A visible light responsive photocatalyst 
comprising a complex oxide semiconductor represented by a 
general formula (I): BaBi x O y (wherein x, y have values 
satisfying 0.5<x<2 and 2.5<y<4, respectively). 

[0019] (2) A harmful chemical substance decomposing 
photocatalyst comprising the complex oxide semiconductor of 
(1). 

[0020] (3) A harmful chemical substance decomposing 
and eliminating method, characterized in that the method 
comprises the step of : 

irradiating light-beams including ultraviolet light 
and visible light to a harmful substance in the presence of 
the photocatalyst recited in (2). 

. Effect of the Invention : 

[0021] The photocatalyst of the present invention 
comprising a complex oxide semiconductor represented by a 
general formula (I) : BaBi x O y (wherein x, y have values 
satisfying 0 . 5<x<2 and 2.5<y<4, respectively) has a 
photoresponsive wavelength range widened to an upper limit 
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of 640nm included in a visible range so as to largely widen 
an effectively usable wavelength range with an extremely 
important significance in view of the fact that 
photocatalysts provided up to now each have functioned only 
within an ultraviolet range. According to the present 
invention, it is possible to utilize a visible light energy 
to thereby highly effectively decompose harmful chemical 
substances such as acetaldehyde and dyes such as methylene 
blue. Further, the photocatalyst of the present invention 
may be of- course used for other chemical reactions. For 
example, it can be applied to decomposition reactions of an 
environmental hormone such as dioxin and of organic 
substances, and the like, and to a reduction reaction of 
metal ions. Also, it largely contributes to environment 
purification. As described above, the complex oxide 
semiconductor photocatalyst of the present invention has an 
activity over a wide range of light, and the photocatalyst 
can be expected to be used for diversified usages other 
than the above usage examples by virtue of the property of 
the photocatalyst such that the role of the photocatalyst 
to be achieved from now on is considered to be extremely 
important. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The photocatalyst of the present invention is 
constituted of a complex oxide of barium and bismuth, and 
has a composition designed based on the general formula 
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(I): BaBi x Oy (wherein x, y have values satisfying 0.5<x<2 
and 2.5<y<4, respectively). The reason why the "x" for a 
Bi component is made to exceed 0.5 and to be less than 2, 
is that the present inventors have previously filed a 
Japanese patent application No. 2003-158744, and thereafter 
carefully reviewed it to comprehend that photocatalysts 
each comprising a complex oxide of Ba and Bi among the 
combinations formulated in the previous patent application 
are sensitive in a wider range from an ultraviolet range to 
a visible range to exhibit a photocatalytic effect even 
when the "x" is less than 2 while exceeding 0.5. Namely, 
the photocatalyst of the present invention is obtained as a 
result that the present inventors have further developed 

(evolved) the previously developed photocatalysts. Note 
that the "y" has a value to be duly defined within the 
above-mentioned associated range once the "x" has been 
defined in the above-mentioned associated range.. 

[0023] The photocatalyst comprising the complex oxide 
semiconductor of the. present invention can be obtained by 
synthesis in a normal solid-state reaction method, i.e., by 
mutually mixing oxides of metal components as starting 
materials at a ratio of intended composition, followed by 
calcining in air under an ordinary pressure. In case of a 
starting material susceptible to sublimate, a slightly 
larger amount thereof is required to be added taking 
account of sublimation. 

[0024] In addition to the sintering method, there are 
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adopted various sol-gel method, coprecipitation method, 
complex polymerization method, and the like adopting metal 
alkoxides, metal salts, and the" like including a method to 
prepare oxide precursors followed by calcining and 
synthesizing, and the present invention of course embraces 
these methods without particular reasons to exclude them. 

[0025] It is desirable that the photocatalyst of the 
present invention is provided in a form of fine particles 
cooperatively having a larger surface area so as to 
effectively utilize light-beams. Although oxides prepared 
by a solid-state reaction method are provided in a large- 
form of particles cooperatively having a smaller surface 
area, it is possible to further decrease diameters of the 
particles by grinding them by a ball mill or the like. 
Generally, the particles are lOnm to 200jom in size, and 
preferably l(im or less. It is also possible to use the 
fine particles by forming them into various shapes 
including a plate shape.. It is one way to use the fine 
particles by carrying them on a separate carrier having an 
appropriate shape, and it is also possible to use the fine 
particles in a manner coated in a thin-film shape. 

[0026] The photocatalyst of the present invention can 
be of course used solely, and can be used in a manner that 
the photocatalyst has, attached to its surface, a co- 
catalyst comprising components including: a noble metal 
element such as Ag, Pt, or the like; a transition metal 
element such as Ni; NiO x (x represents a value exceeding 0 
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and equal to or less than 1); Ir0 2 ; Ru0 2 , or the like. The 
co-catalyst serves to promote separation of photoexcited 
charges, thereby further enhancing the photocatalytic 
activity. 

[0027] The photocatalyst of the present invention is 
applicable to many photocatalystic reactions. In case of 
organic substance decomposition, alcohols, agricultural 
chemicals, malodorous substances, and the like generally 
act as electron donors, in a manner that they are. oxidized 
and decomposed by positive holes of the photocatalyst while 
hydrogen is generated or oxygen is reduced by electrons. 
Typically, the photocatalyst can be used as one for 
purifying the environment and improving the global 
environment, without limited thereto. The reaction form of 
the photocatalyst may be achieved by suspending the 
photocatalyst in an aqueous solution containing an intended 
organic substance and irradiating light-beams thereto, or 
by fixing the photocatalyst to a substrate. The reaction 
form may be a gaseous phase reaction, identically to that 
for decomposition of malodorous substances or harmful 
chemical substances. 

[0028] The present invention will be concretely 
described hereinafter based on Examples which are disclosed 
to facilitate understanding of the present invention, 
without limited thereto. 

Example 1 : 
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[0029] BaBi0 3 was synthesized by a solid-state 
reaction method by the procedures to be* described 
hereinafter . 

[0030] Namely, 5.00g of BaC0 3 and 5.914g of Bi 2 0 3 were 
weighed to prepare a raw material mixture corresponding to 
lOg of BaBi0 3 . The raw material mixture was placed into an 
alumina crucible and subjected to a preparative reaction by 
holding it at 700°C for 5 hours within an electric furnace 
provided in an environment at an atmospheric pressure, 
followed by sintering at 800°C for 12 hours. After 
completion of the calcining, the calcinate was ground by a 
mortar into a size of 10mm or less. The obtained specimen 
was evaluated, in chemical composition, optical 
characteristic, and catalytic performance. As a result, it 
had a chemical composition represented by BaBi0 3 . Further, 
as- a result of ultraviolet-visible absorption spectrum 
measurement, the photocatalyst obtained in this Example 
exhibited absorption spreading from an ultraviolet range to. 
a visible range of 640nm or longer such that a bandgap was 
evaluated as 1.9eV or less, thereby clarifying that the 
photocatalyst exhibits a response to visible light. 

[0031] 1.5g of the synthesized BaBi0 3 was weighed, 
and used to conduct a test for decomposing 837ppm of 
acetaldehyde . There was adopted a 300WXe lamp as a light 
source, light of which was irradiated to a reaction cell 
through* a cooling water cell so as to avoid a thermal 
effect by the light. Adopted as the reaction cell was one 
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made of Pyrex Glass (registered trade-mark of Corning 
Incorporated) . Detection and quantification of C0 2 as a 
decomposition product^ of acetaldehyde were conducted by gas 
chromatography, to calculate a decomposition ratio of 
acetaldehyde based on the amount of produced CO2. 

[0032] As a result, it was clarified that 95% or more 
of acetaldehyde was decomposed only in about 36 minutes 
under irradiation of visible . light through a filter of 
42 0nm. 

Example 2 : ... 

[0033] There was tested a dependency of acetaldehyde 
decomposition on light wavelengths, by the BaBi0 3 
photocatalyst. 

[0034] In Example 1, inserted into a window of the Xe 
lamp was a cut-off filter for passing therethrough only 
light-beams having wavelengths longer than 58 0nm, thereby 
conducting a photodecomposition reaction of acetaldehyde. 

[0035] As a result, there was confirmed decomposition 
of about 60% of acetaldehyde only in 20 minutes even under 
irradiation of visible light through the filter of 580nm. 

Example 3 : 

[0036] 0.3g of BaBi0 3 was suspended in 100ml of an 
aqueous solution of methylene blue at 15.3mg/l, thereby 
conducting a photodecomposition reaction of the methylene 
blue. Light was irradiated to the suspension from the 
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outside, while stirring it by a magnetic stirrer. There 
was adopted a 300WXe lamp as a light source, and adopted as 
a reaction cell was one made of Pyrex Glass (registered 
trade-mark of Corning Incorporated) . 

[0037] There was conducted an ultraviolet-visible 
absorption spectrum measurement, to check a concentration 
change of methylene blue by photodecomposition thereof. As 
a result, it was revealed that 90% or more of methylene 
blue had decomposed in 60 minutes under irradiation of 
visible light through the filter of 420nm. 

[0038] Although the above described Examples have 
been designed and synthesized in a case where x=l and y=3 
for the general formula BaBi x O y to thereby explain 
functions and effects of the photocatalyst of the present 
invention, the present invention is of course effective 
insofar as the composition range thereof is so defined that 
0.5<x<2 and 2 . 5<y<4 in terms of x and y. 

Comparative Example 1 : 

[0039] There was checked a dependency of acetaldehyde 
decomposition on light wavelengths (360nm or longer) , by 
using Ti0 2 as a typical photocatalyst. The equipments used 
for measurement were. the same as those in Example 1. 

[0040]As a result, light-beams of different 
wavelengths were each irradiated for 20 minutes to show a 
result that ultraviolet light of 360nm showed the highest 
activity of a little more than about 50%, the activity was 
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monotonously lost with an increase of wavelength to a 
visible range of 400nm or longer, and activities were not 
exhibited at all at wavelengths of 440nm or longer. The 
activities of this Comparative Example were much less than 
those of the BaBiC>3 throughout the measured wavelength 
range, thereby exhibiting a remarkable contrast 
therebetween. In this way, the Ti0 2 photocatalyst did not 
actually function as an acetaldehyde decomposing catalyst 
under irradiation of visible light. 

[0041] The above results are shown in Table 1 • 
altogether. Namely, Table 1 shows the data altogether, 
each including the used photocatalytic component, the kind 
of reaction (object of reaction) , the used light source and 
wavelength, light irradiation time, and a decomposition 
ratio. Also from this Table, it is confirmed that the 
catalyst comprising a complex oxide semiconductor 
represented by the general formula BaBi x O y (wherein x, y 
have values satisfying 0.5<x<2 and 2.5<y<4, respectively) 
is strongly responsive to visible light and excellent In 
visible light response, and provides a widened wavelength 
range to be effectively used. Namely, it is understood 
that a usage efficiency of light is improved to an extent 
that the visible range is made usable. Contrary, it is 
confirmed that the titanium dioxide catalyst TiC>2, which 
has been conventionally known as a photocatalyst, is never 
reactive to visible light at all. Comparing both catalysts 
with each other, the catalyst of the .present invention has 
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a remarkable ability as compared with the Ti0 2 based 
catalyst, thereby proving that the functions and effects of 
the former are extremely remarkable. 

[0042] Although the Examples have been each 
intentionally subjected to the associated decomposition 
reaction of the applicable harmful substance so as to 
confirm and prove an effectiveness of the photocatalyst of 
the present invention to thereby evaluate and confirm the 
performance thereof, applicable reactions are not limited 
to such a decomposition reaction. It is also possible to 
use it as a semiconductor photo-electrode for solar energy 
conversion. Namely, it can be used for various reactions 
and in various utilization forms for utilizing light, energy, 
without particularly limited thereto. 
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[0043] Table 1- Photocatalytic Activity Performance Test 





Used 
catalyst 


Decomposition 
reaction 


Used 
light 
source 


Irradia- 
tion 
time 


Decompo- 
sition ratio 
% 


! Ex. 1 


BaBiOa 


ace t aldehyde 
decomposition 


300W Xe lamp 
(>420nm) 


36 min 


95 


Ex.2 


BaBi03 


acetaldehyde 
decomposition 


300W Xe lamp 
(>580nm) 


20 min 


60 


Ex. 3 


BaBiOa 


methylene blue 
decomposition 


300W Xe lamp 
(>420nm) 


60 min 


90 


Com. 
Ex. 1 


TiQ 2 


acetaldehyde 
decomposition 


300W Xe lamp 
(>440nm) 


20 min 


0 



INDUSTRIAL APPLICABILITY 

[0044] The present invention exhibits an extremely 
remarkable significance by enabling a system capable of 
effectively utilizing a light energy , particularly an 
energy of light within a visible range, for decrease of 
harmful substances which recently become problematic and 
thus are to be dealt with on a scale of the earth. It is 
expected that the present invention exhibits its 
significance to be further emphasized, contributes to 
wholesome development of industries, and is to be widely 
utilized, as the regulations against harmful substances are 
made stricter . 
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